The paper deals with an assessment of cost efficiency of farms in 2006-2009 based on a sample of farms classified according to the cost/revenue ratio. The analysis of the sample of 101 farms revealed that the return to scale effect is not significant compared to other effects so that the real increase of the production volume may not determine the dynamic of the profit. The massive shift of farms with increasing cost efficiency to the category of the decreased cost efficiency reflects a significant influence of external conditions to the profit/loss of farms. A positive development of prices in 2007 has influenced an increased cost efficiency of the majority of sample farms. in 2008, the increased prices of agricultural inputs intensively influenced the development of the revenue function. The increase of variable costs influenced by increased input prices has wasted reserves resulted from the production use of fixed costs and the return to scale and caused a significant decrease of profit.
Literature related to agriculture offers a number of papers assessing costs. A majority of such papers is based on the technical analysis and limited to an overall development of unit costs or the cost/revenue ratio. Some studies are based on the fundamental analysis dealing with the relations of each cost item and the production volume. The return to the scale model offers a possibility to assess the change in the profit volume related to the volume of production and each cost indicators. Střeleček et al. (2007 Střeleček et al. ( , 2008 discusses the assessment of cost efficiency of farms in a regular evaluation of the profit/loss of farms according to their own investigation and classification of farms according to the external farming conditions. They conclude that the insufficient profitability of agriculture in less productive years causing a relative cost overrun is a permanent problem to deal with.
MATERIAL AND METHODOLOGY
The ÚzEi (institute of Agricultural Economics and information) studies and methodologies deal with the analysis of the costs of agricultural commodities (novák 1996 (novák , Poláčková et al. 2008 (novák , 2010 . The differences of agricultural production regions and production intensity and efficiency are discussed.
The most important task of the production preparation is to reach such relation of incomes, production volume and costs to have a satisfactory profit. This process is called proportioning the production costs (Střeleček 2007a) . its aim is to set a minimum production volume necessary to pay the costs by incomes with a satisfactory profit and to assess the way how the incomes and costs and the profit/loss will change with the increasing production.
The intensification cost efficiency is measured both directly and indirectly. The direct intensification cost efficiency consists of the economy of their spending and it is related to the intensification cost and production volume dynamics. The indirect intensification cost efficiency consists of the mediated effects mainly caused by the changes of the production volume (Brigham and gapenski 1996) such as the relative change of fixed costs due to a change of production volume and a change of the profit/loss due to the volume of production. The assessment of the efficiency of the production volume change related to the management efficiency must be based on a perfect benchmarking performed by the comparison of results with the most successful enterprises and by the method of the optimal construction based on the empirical conclusion or mathematical models of the production economy. The assessment of the management efficiency based on mathematical model is known as the technical efficiency defined as the ratio of real output to potential product with the appropriate inputs (Battese and coelli 1988; hadley 2006) . Alvarez and Arias (2004) analyse the relationship between technical efficiency and the size conditional on a set of control variables. These control variables are chosen using a production model where technical efficiency is introduced as a parameter. As a result, technical efficiency affects both the input demand and the output supply of a profit maximising producer.
A nonparametric analysis of technical, allocative, scale and scope efficiency of agricultural production is presented based on a sample of Wisconsin farmers. The results indicate the existence of important economies of scale on very small farms, and of some diseconomies of scale for the larger farms. Also, it is found that most farms exhibit substantial economies of scope, but that such economies tend to decline sharply with the size of the enterprises (chavas and Aliber 1993). Banker and Thrall (1992) examine the links between the returns to scale and the most productive scale size in the multiple-output-multiple-input production environments. Savastano and Scandizzo (2009) show that when the hypothesis of decreasing return to scale holds, the relation between the threshold value of the revenue per hectare and the amount of land cultivated is positive. Tao and Dai (2007) decompose index of labour productivity into technical efficiency, pure technical progress, scale efficiency of capital/labour and change of intensity for capital/labour. Wei and Yan (2004) analyze the problems of congestion of inputs, increasing, constant and decreasing return to scale by the output oriented DEA (Data Envelope Analysis) models. Fiorillo et al. (2000) analyse an economy where firms use labour as the only production factor, with a constant return to scale. Sharma et al. (1999) compare the parametric and nonparametric methods for measuring the technical, allocation and economic efficiency and to examine the potential for reducing costs through the improved efficiency. Al-Khoury and Abu Al-Dahab (2009) analyze the technical performance efficiency of Jordanian industrial companies using the DEA under the assumption of input minimization with the constant return to scale. numbers of employees paid in capital and the total fixed assets were used as inputs and the market value per share; net sales and return on assets were used as outputs. Managi and Karemera (2004) applied DEA methodology to a state-level data set of the US agriculture over 1960-1996 to measure the total factor productivity and other indexes as technological change and efficiency change. Both the constant return to scale and the variable return to scale technologies assumption in the DEA were employed. hadley (2006) used English and Welsh farm-level survey data for the period 1982 to 2002 to estimate production functions for eight different farm types. The analysis showed that, farms of all types are relatively efficient with a large proportion of farms operating close to the production frontier. The factors that consistently appear to have a statistically significant effect on differences in efficiency between farms are farm or herd size, farm debt ratios, farmer age, levels of specialisation and ownership status.
The intensification and fixed costs are influenced by a number of factors. The exact defining is rather difficult (Schroll et al. 1997) so that the assessment is usually based on the evaluation of the most important cost items. The degrees of cost efficiency express quality differences in the development trends based on the relation of the production volume and costs. These trends influence the most important changes in the profitability rate, profit/loss and production volume dynamics (Střeleček 2007b) .
According to the relation of the production volume and cost dynamics, nine basic degrees of efficiency may be described. The assessment of cost efficiency is influenced by the production volume dynamics. Therefore, we classify the efficiency degrees as: -increasing volume of production -constant volume of production -decreasing volume of production To assess the cost efficiency, the following indices were chosen:
relative change in cost due to cost/revenues ratio
relative change in costs due to output
relative change in profit due to output
it is possible to adjust the assessment of the relation of the profit volume and the cost dynamics to the production function that gives the relation of input and output (Figure 1 ).
replacing the output by the profit volume enables transforming the production function to the revenue function used to analyse the production costs. in addition, the relation among indicator of cost and profit may be added to each stage of this function in order to express the relative changes of the cost items and the profit/loss as a relative cost saving or the overrun relative increase or decrease of profit in each stage of the production function respectively. Business & Management Dictionary (2007) defines the return to scale as "The proportionate increase in a country's or company's output as a result of increases in all its inputs". The return to scale in the production function expresses the change of the profit/loss due to a change of the unit cost items. The effect of the extensive change of production is a part of the total return to scale. This effect depends on the cost/revenue ratio in the basic period when (1 -n 0 ) ≠ 0 and on the index of production when i V ≠ 1.
Under the above mentioned condition, the effect of the extensive change of production is expressed
respectively; in which (1 -n 0 ) V 0 stands for the profit/ loss in the basic period.
This adjustment enables us to perform a simple calculation -the profit/loss of the basic period is multiplied by the relative change of production. The return to scale with the increasing production volume will bring the increase of the profit. The return to scale with the decreasing volume of production will bring a negative effect (a decrease of profit or an increase of the loss).
The return to scale is realized in the fifth stage of the revenue curve and its size is determined by the change of production and by the direction of (1 -n 0 ) tangent. The full realization of the return to scale is empirically conditioned by dn = n. if n < dn < c, the poorer cost efficiency (variable cost usually) will decrease the return to scale according to the following relation:
Production utilization of the fixed costs
Production utilization of the fixed costs is the second factor influencing the volume of production. The relative change of profit due to the production utilization of fixed costs may be expressed as ΔZ|V = −SN|V. if the output converges to infinitude, the fixed costs Figure 1 . Development of profit in the relation to production
will converge to zero. The relative change of fixed costs is expressed as ∆SN|V = SN × (1 -i V ). An increase of production will cause a relative saving of the fixed costs. A decrease of production will cause an overrun of the fixed costs due to the lower production utilization of the fixed costs. compared to less investment intensive technologies, the investment intensive technologies show greater relative changes of the fixed costs with the change of the production volume due to the change of production.
The increasing production utilization of fixed costs due to the expanded production is another source of profit in the revenue function. A relative change of costs due to the cost/revenue ratio of production consists of the relative change of the fixed costs due to their production utilization and of the relative change of the variable costs.
Variable cost efficiency
it is not possible to express an influence of the change of production volume on the variable costs efficiency explicitly; however, it depends on the relation between the variable differential costs and the variable cost/revenue ratio in the basic period. The extent of variable costs related to the shape of the revenue function determines the overall volume of profit. An analysis of a revenue function is based on the following condition:
revenues increase i V > 1; the production is profitable in the basic period; the total costs consist of variable and fixed costs n(v) 0 < n 0 <1. regarding efficiency, eight stages of the revenue function are described.
The first stage is based on the following relations: if dn(v)< n(v) 0 < n 0 < 1, the increasing production volume will increase the variable costs efficiency; the cost/revenue ratio will decrease and a relative saving of variable costs due to the production volume will occur. it is possible to show that regarding the efficiency of the increasing the volume of production, all possible effects of revenue yield curve are performed. The efficiency of variable costs grows. The production utilization of fixed cost increases and the return to scale of production is performed.
The second stage of the revenue curve is characterised by the maximal efficiency of variable costs dn(v) = min. n(v) 0 < n 0 < 1 ∆VN/n(v) = max., ∆Z = ∆Z/V -∆VN/n(v) -∆SN/Q. The total profit increase consists of the return to scale of production, the relative saving of variable costs and a greater production utilization of the fixed costs.
The third stage of the revenue curve is characterised by the constant variable costs efficiency n(v) 0 = dn(v) < n 0 < 1. The return to scale is performed as well as the whole relative saving of production utilization of the fixed costs.
The fourth stage of the revenue function is described by the decreasing variable cost efficiency n(v) 0 < dn(v) < n 0 < 1. Full return to scale of production is performed as well as a partial effect of the production utilization of the fixed costs. The remaining part of the production utilization of the fixed cost covers the decreasing efficiency of the variable costs. if dn(v)→ n 0 then in absolute terms
The fifth stage of the revenue function is described as n(v) 0 = n 0 < 1, n 1 = n 0 . in this stage, the cost/revenue ratio of production remains constant and the production volume effect is performed.
Sixth stage of the revenue function is described as n(v) 0 < n 0 < dn(v) < 1. The cost/revenue ratio of production increases. only a part of the return to scale of production is performed with the increasing volume of production. The remaining parts compensate the decreasing variable costs efficiency.
Seventh stage of the yield curve is described as n(v) 0 < n 0 < dn(v) = 1. in this stage of the revenue curve, the profit is constant with increasing production volume remaining at a level of profit of the previous period.
Eight stage is described as n(v) 0 < n 0 <1 < dn (v) . The profit decreases due to the decreasing efficiency of the variable costs.
other possibilities of the development of production, profitability and other relation are discussed in Střeleček and zdeněk (2008) .
RESULTS AND DISCUSSION

Economic development of agriculture 2006-2008
in 2006, the production of agricultural sector expressed in the current basic prices amounted to 101 254 million czK; 48.3% of which was plant production with the most important share of cereals (37.7%) and industrial crop (27.0%). Animal production reached to 46.4% of agricultural production in the current basic prices with the most important share of milk production (42.9%) and production of pigs for fattening (25.1%).
Agriculture producer prices increased by 2.2% in 2006 compared to the previous year. Prices of plant products increased by 13.3%, however animal products decreased by 2.9% in a year-to-year comparison.
The index of inputs to agriculture increased by 1.6% compared to the previous year; prices of products and services currently consumed in agriculture increased by 1.7% and the prices of products and services related to agricultural investment increased by 1.1%.
in 2007, the production of agricultural sector significantly increased compared to 2006 (the 2007/2006 index = 118.8%); with the index of plant production of 134.0% and the index of animal production of 103.4%. The sharp increase of plant production was a result both of the overall greater harvests of cereals, potatoes and rape and of a significant increase of agricultural product prices.
The development of agriculture producer prices registered a significant increase by 16.8% in 2007 compared to the previous year. Prices of plant products have increased by 32.8% in a year-to-year comparison. Prices of animal products have increased as well, however, by 1.7% only. The significant increase in the year-to-year comparison was caused by a lower harvest in some traditional growing areas and the related increase of demand. in 2007, prices of inputs to agriculture increased by 5.9%. generally, it is possible to conclude that an average year-to-year increase of agriculture input prices differed from an average increase of agriculture producer prices. That means that the price scissors has began to close significantly in 2007, however, an average year-toyear increase of agriculture inputs has intensified its rate of increase and another increase was predicted in 2008, mainly in the case of products and services currently consumed in agriculture. The 2007 has to be seen as uncommon due to an increase of agriculture producer prices mainly (ČSÚ 2008) .
regarding the output of agriculture, agricultural production has slightly decreased in 2008 (by 2.4%) compared to 2007; plant production decreased by 8.1%, on the other hand, animal production increased by 4.5% in the year-to-year comparison.
Agriculture producer prices were increased by 8. in 2008, the prices of inputs to agriculture significantly increased -due to an increase of the prices of fertilizers and soil improvers (increased by 38.3%). The prices of seeds and planting stock increased in 2008 as well (by 16%). in the year-to-year comparison, the prices of feeds increased by 18.4%. Similarly, the prices of energy and lubricants increased by 10.3% -of which the motor fuel registered the most significant increase (by 10.5%) (ČSÚ 2009). in the 2009 summary, agriculture producer prices were lowered by 24.8%, which is the biggest yearto-year decrease within the period under investigation. The prices of plant products were decreased by 32.2%; the prices of animal products decreased by 15.2% in 2009.
The production of the agricultural sector in the current basic prices reached 97 380.5 million czK as a preliminary result for 2009 with 52.2% share of plant production. Both plant and animal production significantly decreased compared to 2008. This situation was caused mainly by a huge decrease of the prices of cereals, industrial crop, milk, and the decrease of pig production.
in 2008, the situation may be assessed as favourable as the production volume in the current prices was increased and the rate of increase of the producer prices was faster compared to the input prices. in 2009, the price scissors between the producer and input prices have further widened (ČSÚ 2010) .
in 2009, the production significantly decreased in connection to the unfavourable development of prices. This trend influenced the results of farms in the sample.
To assess the cost efficiency, the database of the sample of farms was used. The data collection included the copies of financial statements -the Balance Sheet as at 31.12 and the Profit/Loss Statement as at 31.12. Within this paper, 101 farms were investigated and the data of the same farm in each year were used. The cost analysis and the analysis of (Table 1 ). This development of profit is related to the cost efficiency and the dynamics of production volume, as Table 2 revealed. in [2007] [2008] [2009] , two important changes in the economy of farms occurred:
(1) The number of farms did not change regarding the development of the production volume. in both years, 86 farms registered an increasing production volume. The number of farms with the decreasing production volume was significantly lower. A decrease was registered by 15 farms only. This situation was a result of certain persistence; however, the development of prices influenced it as well. (2) The number of farms with different cost efficiency has significantly changed. in 2007, 86 farms registered the increased cost efficiency in the yearto-year comparison. in 2008, 89 farms registered the decreased cost efficiency in the year-to-year comparison. The massive shift of farms from the increased to decreased cost efficiency is a reflection of a significant influence of external condition to economic results of farms. The groups of farm may be classified according to the revenue curve stages to assess the cost efficiency. The return to scale may be evaluated in relation to this classification.
The price changes in 2007 have created favourable conditions for the farms with the increased production volume. 74 farms registered an increasing production volume in both years and created favourable conditions for the return to scale. in 2007, an increased production volume, low differential costs (approximately half of a cost/revenue ratio of 2006) and the profitable production of the basic period of all size groups resulted into the realization of all three effects, i.e. the return to scale, the increment of profit due to cost/revenue ratio and the increment of profit due to a greater production utilization of fixed costs.
Assessing the share of each part, the relative change of profit due to cost/revenue ratio represented more than 95% of the total change of profit. regarding this fact, the return to scale is almost unimportant. The extremely favourable output price dynamics and production prices were the most important factors influencing high cost efficiency. The balanced average cost/revenue ratio in all size groups is also a reflection of the above mentioned situation.
The multiple increase of profit in 2007 compared to 2006 makes searching for some causes of inefficiency unethical. 2008 brought a further increase of production and the production output prices.
The massive increase of differential costs (with values of more than one) completely draws off the effect of the production use of fixed cost as well as the return to scale and it decreases the profit volume as well.
The significant decrease of profit is very slightly moderated by the return to scale which is based on the slow rate of the production increase of 1-6%. increasing the cost efficiency by 10% together with the constant cost/revenue ratio would mean increasing the production volume in each size group by the following values in 2008 compared to 2007: By 7.85% within the farms with production of less than 50 million czK; by 6.39% within the farms with production less than 100 million czK; by 3.05% within the farms with production up to 200 million czK and by 1.15% within the farms with production of more than 200 million czK.
regarding the relative increment, the above mentioned substitution of the return to scale and the change of costs due to the cost/revenue ratio are Source: own investigation of a sample of farms Source: own investigation of a sample of farms almost impossible. A decrease of differential cost a decisive factor for these farms (Table 3) . This degree of cost efficiency is typically connected with the output index lower than the index of costs. This indication is followed by the differential cost greater than the cost/revenue ratio in the basic period together with the cost/revenue ratio of production increasing with an increase of the yields. The profitability rate decreases with the increasing production volume within this cost efficiency degree (Table 4) . in 2007, two size groups registered the differential cost greater than 1; in 2008, even three of them. The differential cost above one is connected with a significant decrease of profit which was not even inhibited by the increasing production volume.
A close relation between the decreasing cost efficiency and the change of input prices in 2008 is suggested. The extreme differential costs of 3.786 are a clear sign that production capacity use and the Source: own investigation of a sample of farms Source: own investigation of a sample of farms return to scale are unable to cover decreasing efficiency of variable costs. This results into a decrease of profit in the majority of the size groups. realization of this cost efficiency degree usually corresponds to the source draw off due to a decrease of costs or the uneconomical production process. This cost efficiency degree (Table 5 ) is characterised by a decrease of outputs in all farms in 2007 and the increased outputs in 2008 compared to 2007. Differential costs were greater than one in both years. These costs are favourable in case of the decreased output of 2007, as they decrease the cost/revenue ratio of production, so that the profit volume increases. Differential costs of more than one are unfavourable in the case of the increasing production volume as they are followed by the increased cost/revenue ratio and this is connected with the decrease of profit in comparison with the previous year. A low return to scale was unable to significantly influence the change of the profit/loss in any year. in spite of the inertia of costs, the increased cost efficiency of 2007 was caused by a significant increase of the agricultural producer prices. in 2008, the cost efficiency decreased due to the inertia of costs and the unfavourable development of input prices in all farms that registered a decrease of production volume. Table 6 assessed 7 farms with decreasing production volume that registered a decrease of the cost efficiency. in 2008, the increase of the output volume was proved to influence a change of cost/revenue ratio.
CONCLUSION
(1) it is possible to attribute an appropriate change of the variable costs, production utilization of the fixed cost and the return to scale and its influence on a relative change of costs as well as the profit to each stage of the revenue curve. (2) increasing production volume is connected with a relative cost saving due to the production utilization and the return to scale. A relative saving of fixed costs increases with a better technical equipment of labour. The return to scale is connected with profitability in the basic period. (3) Each stage of the revenue function expresses the extent to which the above mentioned effects compensate the decreasing efficiency of fixed costs. (4) The analysis of a sample of 101 farms revealed that the return to scale is not significant in comparison with other effects, so that the real increasing of the production volume does not have to be a determinant of the profit volume dynamics.
(5) Price changes that occurred in 2007 and 2008 significantly influenced each stage of the revenue curve as well as the profit/loss. in 2007, the positive development of prices in the majority of farms influenced the increasing cost efficiency. All three parts (increasing variable cost efficiency, production utilization of fixed cost and return to scale) have influenced the increment of profit. These changes have spontaneously impacted the differential costs and the efficiency within farms as well. (6) in 2008, the increasing prices of inputs to agriculture intensively influenced the development of the revenue function. Due to this increase, the growth of variable costs has drawn off the reserves caused by the production utilization of the fixed costs as well as the return to scale; furthermore, it caused a significant decrease of profit. The spontaneity of such changes eliminates a possibility to prevent this unfavourable development of the economy of czech agricultural holdings. The solution lies in an appropriate change of agricultural product prices. only such change can compensate the unfavourable development.
